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Theoretical Framework
Energy and Reaction Force: A transition state (TS) is a chemical entity that exhibits one imaginary frequency and is a maximum along the intrinsic reaction coordinate (IRC = ). 1, 2 It connects reactants and products through the minimum potential energy surface (PES) in a onestep chemical reaction.
The reaction force, F, is defined as the negative first derivative of the total energy, E, with respect the IRC (Eqn .1):
(1)
According to the Transition State Theory 3 (TST), the energy profile of an elementary step presents three critical points: two minima, one for reactants ( R ) and another for products ( P ), and one maximum for the TS ( TS ) (see Scheme below). In addition, F exhibits two critical points: a minimum at  1 and a maximum at  2 . Thus, three regions can be defined along the IRC:
i) in the [ R , 1 ] range, region associated to reactants and mainly driven by structural rearrangements; ii) in the ( 1 , 2 ) range, region associated to the TS and where most electron rearrangements by formation and breaking of bonds take place; and iii) in the [ 2 , P ] range, region associated to products where mainly occurs structural relaxations. [4] [5] [6] [7] [8] [9] [10] Note that  R <  1 < TS < 2 <  P.
The reaction force analysis provides an energy partition of the activation barrier, E ≠ . Thus, W 1 represents the energy required for the system to be reorganized geometrically, i.e. purely structural reordering; and W 2 represents the energy demanded for the system for an electronic reorganization in order to reach the TS, i.e. purely electronic rearrangement (Eqns. 2 to 4): Concerning the global properties, the electronic chemical potential, , for a system containing N electrons is defined as the derivative of the total energy, E, with respect N when the external potential, v(r), remains constant (Eqn. 5). Considering that the number of electrons, N, is a discontinuous variable, the electronic chemical potential can be approximated, through the application of finite differences and the Koopmans' theorem 13 by extension of the Hartree-Fock theory, as the negative semi-sum of the first ionization potential, I, and the electron affinity, A.
Also, these two parameters, A and I, can be approximated to the energy values of the highest occupied and lowest unoccupied molecular orbitals,  H (HOMO) and  H (LUMO) respectively.
The electronegativity, 14 , is defined as the opposite of :
By analogy between E and F, the reaction electronic flux (REF) the electron density that are mainly driven by bond weakening or breaking processes. 15 Furthermore, the chemical hardness, 16 , 17 , is defined as the second derivative of the total energy, E, with respect N when v(r) is constant (Eqn. 7). Also, applying the finite differences approximation and the Koopmans' theorem, it can be approximated as the difference between the energy of the LUMO and HOMO. The chemical softness, S, is defined as the inverse of :
Finally, the electrophilic power,  which was introduced by Parr et al. 18 by analogy with the power in classical electricity, is defined as (Eqn. 8):
The global properties defined, so far, are useful in monitoring intrinsic changes in the molecules. However, the reactivity of such molecules resides S4 on the atomic centers, and consequently, the evaluation of local properties are desirable. They can be calculated from the Fukui function, 19 f(r), which is defined as the second derivative of the total energy with respect N and v(r) (Eqn. 9). This function complies an important property: its integration over all the space gives the unit value (Eqn. 10):
Due to the discrete nature of N, two Fukui functions can be derived: the nucleophilic, f + (r), and the electrophilic, f -(r), functions. They can be approximated through the electron density of the LUMO and HOMO frontier orbitals, respectively. Both, nucleophilic and electrophilic Fukui functions can be evaluated for each atom as indicated in Eqns. 11 and 12:
where the subscript k refers to a particular atom k. Using the nucleophilic Fukui function and the global electrophilicity, the local electrophilicity index,  k for an atom k, is defined as (Eqn. 13): 20 (13) 
